In the rapidly changing field of Information Systems, educational programs must be continually reevaluated and revised. This can be a daunting task. To make this process more manageable and to create programs that more accurately reflect the demands of the marketplace, a curriculum revision process is presented. As part of the curriculum revision process, a study was conducted to determine the expected skills and knowledge required for Information Systems professionals in three general staffing groups: programmers, analysts, and end-user support. A survey instrument was developed asking respondents to rate the importance of each knowledge/skill area three years from now for each of the staffing groups. The results show that Information Systems knowledge relating to the entire organization and overall business knowledge will be important with less emphasis on advanced IS applications. The so-called 'soft skills' such as teamwork and collaboration, planning and leading projects, presentation delivery, and writing skills will be critical for success in the Information Systems profession. More importance will be placed on web-based languages rather than more traditional languages such as COBOL. Based on the analysis, a skills matrix is presented that can be used as a foundation for developing courses. This paper also describes a curriculum development model that can be used as a guide for curriculum revision.
Introduction
Revolutionary changes are occurring across the United States and throughout the world in information systems technology. "The number of workers in the computer and software industries has almost tripled in the past decade." (Freeman and Aspray, 1999. p. 35.) According to the Bureau of Labor Statistics projections for the period 2000-2010, of the 10 fastest growing occupations, computer-related occupations occupy eight of the top ten positions: software applications engineers, support specialists, systems software engineers, network and systems administrators, network systems and data communications analysts, desktop publishers, database administrators, and systems analysts. (BLS , Table 3b ). Computer and data processing services is projected as the industry with the fastest wage and salary employment growth (BLS , Table 3a ).
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sionals far exceeds qualified applicants. (2000) reports that "... employers will create a demand in this country for roughly 1.6 million IT workers this year. With demand for appropriately skilled people far exceeding supply, half of these positions--843,328--will likely go unfilled. In a total U.S. IT workforce of 10 million, that shortfall means one job in every dozen will be vacant." (Information Technology Association of America, ¶1, 2000) . These circumstances create an atmosphere whereby Information Systems programs need to be reevaluated and changed to meet the demand. Educators have the overwhelming responsibility of designing a curriculum that prepares future IS professionals for this dynamic field.
Researchers have struggled with the issue of implementing curriculum models in various ways. Kim, Shim, and Yoon (1999) asked IS practitioners and educators to rate the importance of key IS issues. They found that practitioners perceive managerial and organizational issues as more important than educators do. They also indicate that educators consider emerging issues such as e-commerce, more important than practitioners do. They recommended that educators and practitioners should have a shared vision of key IS issues and collaborate on curriculum development. Lightfoot (1999) describes the dilemma of IS curriculum design as a problem of balance between the fundamentals of IS and the current "fad" applications. He suggests that students and businesses (employers) have short-term perspectives, while educators have a long-term perspective; legislators (public) are somewhere in between. He recommends modifying curriculum to satisfy the goals of the stakeholders.
Srinivasan, Guan, and Wright (1999) describe a process of developing a new curriculum working with corporate partners. They also suggest using the corporate partners as "clinical": faculty to help teach the courses. Maier, Clark, and Remington (1998) reviewed the content of job advertisements over a 15-year period to explore the changes in the MIS job market and found a growing diversity in the MIS job market. Hingorani and Sankar (1995) surveyed perceptions of graduates' skills and compared the results with skills required in industry. They found that students were aware of the needs of industry. They also made specific recommendations for their specific program.
The foundation of the curricula revision process is to review the literature related to expected workplace skills and knowledge for IS professionals. In a project which studied the impact of changes in the IS profession on the skills and knowledge requirements on future IS professionals, Lee, Trauth & Farwell (1995) report that the industry will demand IS professionals who can lead organizational IS activities and possess not only technological skills, but also business operations, management, and interpersonal skills. Lee, Trauth and Farwell project a more decentralized IS organization with an end-user-focused business orientation. They recommend that a generic curriculum meeting the needs of all future IS professionals is obsolete, and that different IS curricula must be developed to meet different IS careers paths.
In 1996, Maglitta, writing in Computerworld, reported that IS programs are struggling to keep up to date with the latest technologies and changes. Interviews with academicians and IS managers indicated new graduates lack the needed technical, business, industry, and soft skills needed in today's business world. Few graduates are trained in hot technologies such as telecommunications and relational databases--or even exposed to them. Even fewer are taught project management, communication, documentation, and team skills. Fewer still learn about specific industries or new areas such as electronic commerce and business process re-engineering. In a survey of IS programs in the United States, Gill & Hu (1998) report that the most popular programming languages were C/C++, SQL and COBOL, and that the dominant operating systems are Windows/OS2 and Unix. They suggested that there has been a transition from the centralized mainframe environment to the decentralized network based client-server architecture. Other studies have stressed the impact of the Internet on IS skills and curricula, (Chaudhury & Rao, 1999) , the importance of client/server technologies (Chaudhury & Rao, 1997; Alexander, 1997) and the importance of interpersonal and communications skills, (Young & Lee, 1997) . Gonzenbach (1998) surveyed businesses and recommended placing the most emphasis on telecommunications, operating systems, systems analysis and design, networks and business communications.
Review of Current Environment
While the reported need for an increased supply of information systems workers is clearly documented, the identification of specific skills required for the variety of positions in IS is not as clear. While several model curricula exist, none of them can be easily applied to individual university programs. Curricula changes require assessment of several factors including needs of business recruiting at the University, current curricula, students, resources, and faculty skills. Figure 1 suggests a model that can be used for curriculum development. The model includes assessing the needs of stakeholders and reviewing the current environment to assist in identifying critical skills. Once these critical skills are identified, they can then be organized into a structure that takes into consideration the available resources including faculty and equipment.
In this paper, a study is reported that was conducted to determine what employers perceived to be the most critical areas of knowledge and skills for IS professionals within the next three years. In particular, these questions were addressed:
What will be the important skills and knowledge required for future employees in Information Systems?
What programming languages will be considered most important?
Are there different levels of importance placed on skills and knowledge depending on job classification or staffing position?
Research Methods
Based on extensive review of prior research, job announcements and advertisements, and IS literature, a questionnaire was developed. The questionnaire was fashioned after the research done by Lee, Trauth & Farwell (1999) . The questions consisted of a listing of IS knowledge, programming, platforms/operating systems/applications, networking and database software, business functional knowledge, and interpersonal and management skills. The questionnaire was designed to elicit the importance of those skills to various staffing groups. Experts from local industries were asked to complete the questionnaire and evaluate it for clarity and understanding. The revised questionnaire was mailed to all of the 380 companies who recruit all majors at a Midwestern University of approximately 10,000 students plus 100 additional companies from the Best 100 Places to Work in IT (Computerworld, 1999) . After a three-week time period, a follow-up letter was mailed. Sixty-seven questionnaires were returned. Of those returned, 60 were usable giving a 13% response rate. While the response rate may seem low, those who did respond were the companies that routinely recruit information systems majors from this University.
Respondents were asked to rate the importance of each skill area three years from now for each of three staffing groups: programmers, analysts, and end-user support personnel. Programmers were defined as people doing software development and maintenance. Analysts were defined as people responsible for the planning, analysis, design and implementation of business applications. End-user support people were defined as IS staff providing computing support to users.
Results
Respondents were asked to indicate their job title, industry type and organization size. Of the 60 respondents, 18 were CIOs, managers, or directors of IS; 9 were senior general managers; 16 were middle mangers or supervisors (IS or general); 11 were recruiters or human resources personnel; and 6 were technical specialists, analysts, or programmers. Those companies responding represented computer consulting and services; finance, insurance, real estate; government; health care; retail; services; and other miscellaneous industries. The companies ranged in size from 20 employees to 100,000 employees with about half having fewer than 1,000 employees. Even though these respondents may seem dissimilar in type and size, they represent the companies who routinely recruit at this University.
The results were analyzed using SPSS for the PC. Factor Analysis (with varimax rotation) indicated five factors with eigenvalues of more than one that accounted for 66% of the variance of the data. Eight items describing knowledge of business functions were combined and labeled Business Knowledge. Five items describing specialized information systems were combined and labeled Advanced IS Applications. Six items describing systems related to end-users were labeled User Support. Three items describing programming, software and database were labeled Programming. The last factor consisting of three items related to IS systems planning was labeled Systems Planning. See Table 1 for the individual items making up each factor. The General Linear Model was used to determine if there were any differences in the importance of these factors among the three staffing areas according to the business respondents. The Least Significance Difference test was used to determine where these differences were as shown in Table 2 . The means for the Factors are shown in Table 3 . Based on observed means.
1=Programmer, 2=Analyst, 3=User Support * The mean difference is significant at the .05 level. Business Knowledge was significantly different between the analysts staffing group and each of the other two groups. Means reveal that Business Knowledge (M=4.50) was most important for the analyst staffing group; however, the means for each of the three groups were over 3.8.
Advanced IS Applications was significantly different between the analyst staffing group and the user support staffing group. Means show that Advanced IS Applications (M=3.31) is most important for the analyst staffing group and least important for the user support staffing group (M=2.85). The means for each of the three groups were less than 3.31.
User Support was significantly different between the user support staffing group and the each of the other two staffing areas. Means reveal the obvious, that User Support is most important for the user support staffing group (M=4.44). It was somewhat important for the analyst staffing group (M=3.64) and least important for the programming staffing group (M=3.35).
Programming was significantly different among all three staffing groups. Means reveal that it is most important for the programming staffing area (M=4.09) and least important for the user support staffing area (M=2.73).
Systems Planning was significantly different between the analyst staffing group and the other two groups, with means revealing that it is most important for the analyst staffing group (M=3.79), somewhat important for the programming staffing group (M=3.29) and least important for the user support staffing group (M=2.95). Table 4 shows the means for the importance of various programming languages for the programming staffing area. New programming languages are expected to be more important than traditional languages such as COBOL 
Results of Companion Alumni Survey
An on-line survey was also conducted with students who graduated from the program within the last five years (Wilkins and Graves, 2000) . They were asked to rate the importance of each skill to their job. Each of the respondents was asked to classify his/her job as one the three staffing groups. Of 337 graduates contacted, 56 responded for a response rate of 16.6%. The means of their evaluations were calculated using the factors determined by the business respondents. Results of the perceived importance of each of the critical skills according to the alumni respondents are reported in Table 5 . 
Proposed Model Curriculum Matrix
The five factors-Business Knowledge, Advanced IS Applications, Programming, User Support, and Analyst-could be used to develop a matrix for an IS curriculum which might include a common core, three concentrations, and electives as illustrated in Table 6 .
Based on the level of importance attached to the means of each skill factor, they were placed in the matrix as either required or elective areas. Since the critical skill factor Business Knowledge was considered important for all three staffing groups, this skill comprises the core of the IS program. The concentrations include the three staffing groups of programming, analyst, and user support. Since the critical skill factor Programming was considered most important for the programming group and somewhat important for the analyst group, this skill factor would be required for the programming concentration and offered as an elective for the analyst concentration. The critical skill factor User Support was considered most important for the user support group and somewhat important for the analyst group; therefore, this skill area would be required for the user support concentration and offered as a possible elective for the analyst concentration. The critical skill factor Advanced IS Applications was not considered as important for any of the staffing groups; therefore, this skill could be offered periodically in the program as a special topic. (Gill & Hu, 1998; Chaudhury & Rao, 1997; and Alexander, 1997) . Often the career track to analyst requires some prior experience as a programmer. Therefore, coverage of the relationship of IS to the business organizational environment should be included in the curriculum to better prepare students to advance to systems analysts jobs.
The so-called "soft skills" have typically been important to the user support staffing area; however, this research shows that these skills are becoming increasingly important to all areas of IS confirming research by Young and Lee (1997) and Lee, Traugh, and Farwell (1995) . The "soft skills" that should be integrated into the curriculum include writing, working in a team environment, delivering presentations, managing projects, and developing interpersonal relationships.
From the critical skills identified in the curriculum matrix, the course and program requirements would be developed. After the courses and program are developed, stakeholders should be given the opportunity to review them and make additional recommendations. Those responsible for developing the IS curriculum should ensure that the critical skill areas are included in course offerings. Electives and special topic courses would be based on such factors as faculty expertise, student need, and specific employment demands. As part of the ongoing process of curriculum development and program improvement, enrollment data, recruiting trends, and placement data should be continually monitored.
